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A decade ago 1t was still said that the chemistry of atomic
carbon was the first page of the book of organic chemistry, and
that that page was blank. But even in the late forties and early
fifties there were already some markings on the page.l The pre-
sent rapid development of the field started about 1961 when it
was proposed that the baslc reaction mechanisms of atomic
carbon with hydrocarbons was by insertion into C-H and C-C
bonds.2>3 That blank first page 1s now %uite well filled in as
far as the basic outlines are concerned.

The reason that the study of atomic carbon came so late 1s
that this speciles 1s so reactive that it 1s difficult to produce
in controlled conditions. Now, however, at least four techniques
have been used: nuclear recoil”, phgtochemistryS, evaporation
from graphite5,7,8, and laser flash: Other methods have also
been demonstrated but will not be reviewed here.

Nuclear Recoll Technigues

Nuclear recoll was the first technique used and 1t has
supplied the bulk and the backbone of what we know at present
of atomic carbon.Y Radiocactive carbon is produced by a nuclear
reaction. For instance on simply irradiating C!'? with high
energy gamma rays (> 20 Mev) the followlng process occurs

c*2 +¥ »c'? 4+ n

The C!?! as initilally produced may possess a very large amount

of kinetic energy (~ 100 kev). This 1s lost in successive
collisions. When the energy of the atom falls into the chemical
energy range below 100 eV 1t may react to comblne. Labelled
molecules are formed by this means and may be assayed by
radlogaschromotography.

Considerations of atomic physics require, and experiment
confirms, that as the carbon atoms reach the chemlcal energy
range thex are in a low-lying electronic state, either in °P,
ip or 35.%2,b They may however react while they are still "hot",
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1. e. have excess kinetic energy. Thls 1s rather an advantage,
however, since one may control the energy of reaction by the
use of moderators. In a system contalning a large excess of

a rare gas, essentially all reactions occur after the carbon
atoms have been thermalized.

The nuclear method may be used with either C!?! or C!“.
Heowever the half-1life of C!* is so great that prolonged
irradiation is required before enough is produced. Thils has
led to serious difficulties with radiation damage effects.
Most currently accepted data was obtalned using ctt,

Photochemical Techniques

U.V. photolysls can be used to produce atomic carbon,
e.g. with carbon suboxide.5

C302 + hyv = C20 + CO
+ C + 2CO

Atomlc carbon 1s produced only 1f very short wave lengths

(~ 1500 A®) are used. This type of method has been employed
both 1n the gas and solid phase. It 1s however severely
restricted by the transparency of the medium to the needed
radiation. For this reason methane is the only alkane whose
reactions with atomic carbon have been studied by these means.

Evaporation Techniaues

Several techniques have been developed in which carbon is
evaporated from a heated graphite rod6, a carbon arc?, or an
exploding filament®. The carbon vapor may be deposlted on a
surface on which it 1s allowed to react.

. This technique tends to be restricted to the study of
reactions of atomic carbon on solid surfaces. The inter-
pretation of gas-phase reactions would present difficultles
because of extensive pyrolysis and photolysis on the evaporating
body. . ’

Laser Flash Technigues

We have recently developed9 a variant of the evaporation
technigue in which a laser is used. A pulse 1s focused onto
a carbon surface forming a small hot spot from which carbon
evaporates. Reactions with a low-pressure gas can be studied
because the hot spot 13 so small and short lived that extensive
pyrolysls does not occur.

laser flash represents an advantage in

While the use of a
n the gas phase can be treated 1t still shares

that reactions 1
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with other evaporation techniques, the disadvantage that a
range of carbon species Ci, T2, C3 etc. are formed.

Comparison of Technigues

All techniques, though geénerally used under different
conditions, tend to give very similiar results in so far as a
comparison can be made. However Skell has reported apparently
significant differences in his evaporation techniques, which
would tend to indicate that specles of lower energy are involvedz
In particular acetylene, a high energy product normally found
when atomic carbon reacts with hydrocarbons 1s conspilcuously
absent when the particular method in question is used. This
apparent disgrepancy has not yet been resolved. One posslble
explana’cion1 stems from the fact that in this technigue alone
there 1s an appreciable delay between production and reaction
of the carbon atoms. Conceivably this might allow complexlng
of the carbon atoms, reducing their reactivity, something that
commonly happens to active specles on aging in ordinary vacumms.
Such complexed specles could act as carbon atom donors, with
reactions similar to but less energetic than those of free
carbon atoms. Indeed a time dependence of reactivity 1is found
in these experiments7, though this has been attributed to
decay of spin states.

Summarx,of Findings

So much is now know of the reactions of atomic carbon that
it 1s impossible to give a brief yet comprehensive review.
Reactionﬁ with inorganic oxidell, with nitrogenll and with
hydrogen 2 are reviewed elsewhere. With hydrocarbons there are

"three principal modes of primary reactions.

1) Insertion into a C-H bond
e.g. C'1 + CD3CHs + DC''CD,CH; »other products
v
pci?t = ¢p

As expected the acetylene formed in such reaction with CDaCHs
1s either C!ID = CD or C!*H = CH with little C'?D = CH being
formed“a. :
2) Insertion into a C = C bond

e.g. C'* + D, = CH, + CD2 = C}! = CHa(or other products)
As expected the allene formed by this reaction is C!! center
labeled and has the hydrogen isotope distributlon shown. a

3) Abstraction to form CH,
c!! + RH + C!'H,

Primary modes 1) and -2) yleld and intermediate adduct
which is highly excited due to the energy released in forming
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the new bonds. The further fate of such complexes depends
on their spin states and on how rapidly energy is moved by
collisional deactivation. This tﬁpic 1s well understood and
is fully discussed elsewhere.l3,1

Insertion in C-C and C-F bonds has not been observed.
Instead in perfluorocarbons the domlinant reaction appears to
be abstraction to form C-F, fluoromethyne.9 The probable

explanation for this pattern of primary insertion will be
dilscussed.
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